Orphan afterglows from short γ-ray bursts (GRB) are potential candidates for electromagnetic (EM) counterpart searches to gravitational wave (GW) detected neutron star or neutron star black hole mergers. Various jet dynamical and structure models have been proposed that can be tested by the detection of a large sample of GW-EM counterparts. We make predictions for the expected rate of optical transients from these jet models for future survey telescopes, without a GW or GRB trigger. A sample of merger jets is generated in the redshift limits 0 ≤ z ≤ 3.0, and the expected peak r-band flux and timescale above the LSST or ZTF detection threshold, m r = 24.5 and 20.4 respectively, is calculated. General all-sky rates are shown for m r ≤ 26.0 and m r ≤ 21.0. The detected orphan and GRB afterglow rate depends on jet model, typically 16 < ∼ R < ∼ 76 yr −1 for the LSST, and 2 < ∼ R < ∼ 8 yr −1 for ZTF. An excess in the rate of orphan afterglows for a survey to a depth of m r ≤ 26 would indicate that merger jets have a dominant low-Lorentz factor population, or the jets exhibit intrinsic jet structure. Careful filtering of transients is required to successfully identify orphan afterglows from either short or long GRB progenitors.
INTRODUCTION
The most promising candidate for the progenitor of short γ-ray bursts (GRBs) is the merger of a binary neutron star (NS) system or a NS black hole (BH) system (e.g. Eichler et al. 1989; Narayan et al. 1992; Mochkovitch et al. 1993; Bogomazov et al. 2007; Nakar 2007; Berger 2014) . Such systems are candidate targets for gravitational wave detectors, and as such there has been a focus on potential electromagnetic (EM) counterparts to such mergers (Nissanke et al. 2013) . Amongst the counterparts are the isotropic macro/kilo-nova (e.g. Li & Paczyński 1998; Barnes & Kasen 2013; Tanaka & Hotokezaka 2013; Piran et al. 2013; Metzger & Fernández 2014; Tanaka et al. 2014 Barnes et al. 2016; Tanaka 2016; , radio counterparts (e.g. Nakar & Piran 2011; Kyutoku et al. 2014; Margalit & Piran 2015; Hotokezaka & Piran 2015; Hotokezaka et al. 2016) , wide angle coccoon emission (Lazzati et al. 2017; Nakar & Piran 2017; Gottlieb et al. 2018; Kisaka et al. 2017) , resonant shattering, mergershock or precursor flares (Tsang et al. 2012; Kyutoku et al. 2014; Metzger & Zivancev 2016) , GRBs (e.g. Coward et al. 2014; Ghirlanda et al. 2016; Kathirgamaraju et al. 2017; Jin et al. 2017) , failed GRBs (fGRB) (Dermer et al. 2000; Huang et al. 2002; Nakar & Piran 2003; Rhoads 2003; Lamb & Kobayashi 2016 , and off-axis orphan afterglows (e.g. Rossi et al. 2002; Granot et al. 2002; Zou et al. 2007; Zhang 2013; Lazzati et al. 2017; Sun et al. 2017) . Some of these counterparts make promising potential transients for the next generation of optical survey telescopes e.g. Large Synoptic Survey Telescope (LSST) (LSST Science Collaboration et al. 2009 ), and Zwicky Transient Factory (ZTF) (e.g. Bellm 2014; Bellm & Kulkarni 2017 ).
Here we make predictions for transient rates in blind surveys (i.e. without a gravitational wave or γ-ray trigger), for orphan afterglows from short GRB jets and transients based on the expected excess as a result of low-Lorentz factor failed GRB jets (Lamb & Kobayashi 2016) and/or jets with extended wide structure (e.g. Lamb & Kobayashi 2017; Kathirgamaraju et al. 2017; Jin et al. 2017; Xiao et al. 2017 ). Different jet structures predict different emission properties, especially for off-axis viewing angles. Therefore, the detection rate of orphan afterglows will give an important constraint on the structure and dynamics of the jets. We consider only the transients from the afterglow due to the jet-ISM interaction; such transients will be associated with all jetted short GRB progenitor models and the jet af-terglow, orphan or otherwise, will have a non-thermal spectrum. Where short GRBs are exclusively due to NS/BH-NS mergers, then additional transients will be associated; most notably a macro/kilo-nova that will have a red/infra-red frequency peak brightness that depends on the veiwing angle, and an earlier blue/ultra-violet peak that will be apparent depending on the system inclination. Macro/kilo-nova emission will have a thermal spectrum and a very rapid decline after the peak.
In §2 we describe the merger jet parameters and models used and in §3 we describe the method for generating the cosmological population of merger jets. The results are described in §4, and discussed in §5. Concluding remarks are made in §6.
MERGER JET MODELS
We assume that the dominant progenitor for the short GRB population are relativistic jets from mergers (Levan et al. 2016) . From the observed energetics of short GRBs a luminosity function can be determined (e.g. Wanderman & Piran 2015; Sun et al. 2015; Ghirlanda et al. 2016; Zhang & Wang 2017) .
We generate seven populations of merger jets where we use a Wanderman & Piran (2015) redshift and luminosity function. Four have homogeneous jet structure models:
(i-iii) WP15 6/16/26 : With a coasting phase bulk Lorentz factor Γ = 100 and a jet half-opening angle 1 of θj = 16 ± 10
• (Fong et al. 2015) . For population (i) θj = 6
• , (ii) θj = 16
• , and (iii) θj = 26
• (iv) LK16: With a bulk Lorentz factor distribution for the population defined as N (Γ) ∝ Γ −2 with a range 2 ≤ Γ ≤ 10 3 (Lamb & Kobayashi 2016) . We assume each jet has a halfopening angle θj = 16
•
The final three jet populations use parameters that are described by the structured jet models in Lamb & Kobayashi (2017) . These jets have a core angle θc = 6
• and a wider jet component to θj = 25
• in each case. For the structured jets the luminosity function is used to determine the power within the jet core:
(v) LK17t, two-component jets where the wider component θc < θ ≤ θj has energy and Lorentz factor at 5% the core value (vi) LK17p, power-law jets where the energy and Lorentz factor between the core and jet edge scale with angle from the core using a negative index power-law, ∝ (θ/θc)
(vii) LK17g, Gaussian jets where the energy and Lorentz factor follow a Gaussian function with angle to the jet edge, ∝ e
The existence of a jet edge for the structured jet models is motivated by relativistic magnetohydrodynamic simulations of neutron star mergers (e.g. Rezzolla et al. 2011; Dionysopoulou et al. 2015) 1 Note that Ghirlanda et al. (2016) found this redshift distribution to indicate jet half-opening angles in the range 7 • ≤ θ j ≤ 14 • , we use the wider angle and range to include the widest observations θ j > ∼ 25 • .
METHOD
We assume the short GRB rate 2 and luminosity function given in Wanderman & Piran (2015) ; note the event rate for this distribution varies with redshift, peaking at z = 0.9, and rapidly declines with increasing redshift (RGRB = 45 e (z−0.9)/0.39 Gpc −3 yr −1 where z ≤ 0.9, and RGRB = 45 e −(z−0.9)/0.26 for z > 0.9). At redshifts below the peak, the event rate is consistent with that found by D' Avanzo et al. (2014) and Sun et al. (2015) . The luminosity function follows a broken power-law with the limits 5 × 10 49 ≤ Lγ ≤ 10 53 erg s −1 and a brake at 2 × 10 52 erg s −1 ; at luminosities below the brake the power-law index is -1, and above the brake the index is -2. The luminosity function is defined with an interval d log Lγ . Note that we do not consider low-luminosity short GRBs, i.e. Lγ < 5 × 10 49 erg s −1 . The origin of low-luminosity short GRBs is not known, the low-luminosity population could represent an extension of the usual short GRB luminosity function to lower powers or a distinct population of low-luminosity short GRBs (e.g. Siellez et al. 2016) . The afterglows from a population of low-luminosity GRBs would be intrinsically very faint and the redshift distribution of the observable sample limited to 'local' luminosity distances.
Using the short GRB rate (Gpc −3 yr −1 ) and luminosity function, a correlation for isotropic equivalent energy and νFν spectral peak energy Ep in Tsutsui et al. (2013) , and assuming a spectral index α = 0.5 and β = 2.25 (Gruber et al. 2014 ) with a broken power-law, we find the minimum γ-ray luminosity for a detectable short GRB and the rate at a given redshift. We assume a detection if the number of photons in the energy band 15-150 keV is ≥ 0.3 ph cm −2 s −1 (Band 2006) . Using the minimum observable luminosity and the short GRB rate with redshift, the all-sky number of detectable short GRBs is ∼ 71 yr −1 . Swift/BAT detects ∼ 10 yr −1 , however as noted by Bromberg et al. (2013) , the Swift/BAT short GRB sample is contaminated by non-merger (collapsar) short duration GRBs, the fraction of merger short GRBs is ∼ 60%. Using a detection rate of ∼ 6 yr −1 the effective field-of-view for Swift/BAT is ∼ 1.06 sr, this is less than the BAT partially coded field-of-view ∼ 1.4 sr (Baumgartner et al. 2013) . The Swift/BAT duty cycle, the sensitivity of the partially coded field-of-view, or the exact fraction of merger short GRBs may explain this discrepency. The all-sky rate for short GRBs is used to normalize the Monte Carlo merger jet samples.
For each model (i-vii), 10 5 merger-jets are generated. Each jet has a random isotropically distributed inclination i to the line-of-sight and a random redshift z using the short GRB redshift distribution. The jet energetics, and bulk Lorentz factor depend on the model parameters. The prompt emission is highly beamed and only detectable for typical cosmological distances and γ-ray energies from jets inclined within the jet half-opening angle. The γ-ray photon flux at the detector for a jet inclined within the half-opening angle is calculated considering the jet luminosity. A correlation between the γ-ray luminosity and spectral peak energy for short GRBs is used to determine Ep (e.g. Yonetoku et al. 2004; Ghirlanda et al. 2009; Zhang et al. 2012; Tsutsui et al. 2013) . We use the same GRB detection criteria as that used to estimate the all-sky Swift/BAT short GRB rate.
Using the fireball model (Piran 1999 ) and an assumed γ-ray efficiency η for the prompt emission, the isotropic equivalent blast energy can be found from the γ-ray luminosity Lγ and timescale T90. The jet kinetic energy E k = Lγ T90(1/η − 1) is dissipated in shocks that form as the jet decelerates in the ambient medium giving rise to an afterglow. The temporal evolution and peak afterglow flux of a GRB follows Sari et al. (1998 Sari et al. ( , 1999 , where the peak flux is
here n is the ambient number density, εB is the microphysical magnetic parameter, and D is the luminosity distance.
For an off-axis observer, at an inclination greater than the jet half-opening angle θj , the observed flux is reduced by relativistic effects. The flux at a given observer frequency
−1 is the relativistic Doppler factor; Γ is the bulk Lorentz factor, and β is the jet velocity relative to the speed of light (Granot et al. 2002) . Note that this relation is valid for a point source only and that for a jet with a defined opening angle the relativistic beaming factor for the flux is ∼ a 2 for i < ∼ 2θj , and the angle used to calculate the relativistic Doppler factor is i−θj where i > θj (Kumar & Panaitescu 2000; Ioka & Nakamura 2001) .
For all jets we use the method in Lamb & Kobayashi (2017) , with the relevant jet structure model to generate on/off-axis afterglows for the population of jets. The ambient density is assumed to be n = 0.1 cm −3 , microphysical parameter εe = 0.1, εB = 0.01, particle distribution index p = 2.5, and γ-ray radiation efficiency η = 0.1. For each population the normalized number of Swift/BAT GRBs and orphan afterglows are counted.
Using the distribution of peak afterglows from a given model, and a transient survey telescope's per night coverage, the number of transients with or without a GRB, that have an optical counterpart brighter than the survey's detection threshold can be found. For transients in our sample that are brighter than the LSST(ZTF) survey threshold, r-band magnitude ∼ 24.5(20.4), we determine the number that are brighter than this limit for ≥ 4(1) days. This ensures a minimum of two detections within the proposed cadence. For LSST we use a survey rate of ∼ 3300 deg 2 night −1 , covering ∼ 0.08 of the whole sky per night; for ZTF the survey rate is ∼ 3760 deg 2 hour −1 where the average night is 8h 40m (Bellm 2014 ). ZTF will cover ∼ 0.09 of the whole sky per hour, and considering the observable fraction of the sky per night, will cover ∼ 22500 deg 2 night −1 or ∼ 0.55 of the whole sky per night with a 1 day cadence.
RESULTS
The rate of afterglow transients for each model is shown in Table 1 . The various models are described in §2. For LK17t, , the opening angle at which a GRB is detectable depends on the distance, luminosity and inclination of the source. For the WP15 (i-iii) and LK16 (iv) Figure 1 . The number of afterglows (deg −2 yr −1 ) brighter than a given magnitude for each jet model in ∆mr = 0.25 magnitude bins. The homogeneous jet models (i-iii) with a half-opening angle θ j = 6 • with a thin black dashed-dotted line, θ j = 16 • are a black solid line, and θ j = 26 • with a thin black dotted line. The afterglows from the low Lorentz-factor jets model (iv) are shown with a medium thickness solid cyan line. The structured jet models (vvii) are shown with a thin blue dotted line for the two-component model, a thick pink dotted line for the power-law structured jets, and a thick red solid line for the Gaussian structured jets. models, a GRB is typically only detectable for inclinations that are less than the jet half-opening angle, i < ∼ θj 3 . Figure 1 shows the number of afterglow transients per square degree per year brighter than a given r-band magnitude from merger jets. Each model is indicated by a different colour and line style as described in the figure caption. Each distribution is for both GRB and orphan afterglows (the value in square brackets in Table 1 ). We assume a fixed ambient density for all events of n = 0.1 cm −3 . However, the density for short GRB environments has a broad range and the peak flux depends on the ambient density as ∝ n 1/2 . As 40 − 80% of the short GRB population, where εB = 0.01, have n > 0.1 cm −3 (Fong et al. 2015) , then considering the Table 1 . The number of afterglow transients from a given merger jet model that are brighter than a limiting r-band magnitude magnitude. All models use the redshift and luminosity function from Wanderman & Piran (2015) . The GRB population in each sample is normalized to an all sky rate of Swift/BAT detectable short GRBs of ∼ 71 yr −1 . The first value in each column is for orphan afterglows only, the values in square brackets are for GRB and orphan afterglows combined. The all-sky rates less than a given magnitude have an associated uncertainty of ∼ ±0.7 deg −2 yr −1 . The LSST and ZTF detection rate is based on the mean timescale a transient is brighter than the telescope threshold full ambient density range, the presented results are not significantly changed.
The homogeneous jet models with a fixed initial Lorentz factor WP15 (i,ii,iii) produce detectable GRBs, where the detector has our parameters and sensitivity, for ∼ 9 ± 1% of merger-jets that are inclined within the jet half opening angle. For homogeneous jets the typical inclination for on-axis, i < θj , orphan afterglows and/or GRB detected systems is ∼ 2θj/3; for off-axis, i > θj , the orphan afterglow is typically observed at an angular separation of ∼ θj +1.1
• , where the limiting magnitude is ≤ 26.
The typical redshift for a detected GRB with our detection criteria and parameters, for all of the jet models, is z = 0.5 ± 0.7. The uncertainty represents the different model mean values. The measured mean redshift value for the population of Swift/BAT short GRBs with redshift is z = 0.49 (Berger 2014) . For the orphan afterglow populations the typical redshift is sensitive to the limiting magnitude. Where the afterglow peaks ≤ 26 and for the LSST sample where the peak ≤ 24.5 then z = 0.90 ± 0.05; for the limit of ≤ 21 and the ZTF sample with ≤ 20.4 then z = 0.80 ± 0.05 and z = 0.70 ± 0.05 respectively. For the peak magnitude limited samples, ≤ 26 and ≤ 24.5, the mean redshift coincides with the peak of the redshift distribution. For a rate that peaks at a higher redshift, the mean for the peak magnitude ≤ 26 and ≤ 24.5 transients is higher. Where a redshift distribution peaks at z ∼ 1.5, the mean is z = 1.75 and z = 1.46 respectively. A significant fraction of all orphan afterglows in our sample are viewed on-axis, i.e. within the jet half opening angle. The prompt GRB can be undetected despite being favourably inclined due to the dyanmics of the jet model, the detector sensitivity, γ-ray efficiency, and/or distance. The orphan afterglow in such a case will be phenomenolgically the same as a regular GRB afterglow (e.g. Cenko et al. 2013 ).
If detections are limited to two points brighter than the limiting magnitude in the given cadence of a survey telescope, then for LSST using a cadence of 4 days the number of transients brighter than magnitude 24.5 and the number for ZTF with a 1 day cadence but limiting magnitude of 20.4 is small in all cases. For the LSST sample, with or without a GRB, the fraction of transients brighter than the threshold for the 4 day cadence considered is ∼ 0.04 ± 0.01. For ZTF this fraction is < ∼ 0.06 for a one day cadence. These fractions are insensitive to the jet model.
DISCUSSION
We have generated a Monte Carlo distribution of merger jets for each of the jet models considered: a population of homogeneous jets with a jet half-opening angle of 6
• , 16
• , or 26
• ; a population of merger jets that have an independent Lorentz factor following a negative index power-law distribution; and three structured jet models, all with a core value of 6
• and a jet edge at 25
• . The merger jets follow a Wanderman & Piran (2015) redshift distribution for merger (non-collapsar) short GRBs and have a random isotropic inclination. For each event the γ-ray photon flux at the detector in the energy band 15-150 keV is determined, if the flux is greater than the threshold value then a GRB is detectable. Each population of merger-jets is normalized by the all-sky rate of Swift/BAT detectable short GRBs.
The fraction of on-axis events i < θj will follow the probability distribution for a randomly oriented bi-polar jet system with the jet half-opening angle θj , i.e. 1 − cos θj ∼ θ 2 j /2. Not all on-axis events will produce a detectable GRB or afterglows above the detection threshold. For all models considered this is due to a combination of luminosity, distance to a merger, and spectral peak energy. For the LK16 and structured jet models, the failed GRB fraction is higher due to suppression of the prompt emission in the low-Γ/energy jet/components.
Forward shock afterglow transients from short GRBs, on-axis failed GRBs, and off-axis orphan afterglows are detectable by both the LSST and ZTF. The rate for both LSST and ZTF detectable transients depends on the nature of the jets in a population of mergers. Where the jet Lorentz factor varies from jet to jet, only a small fraction of the merger jets, when viewed on-axis, will produce a detectable GRB (e.g. Lamb & Kobayashi 2016) . Afterglows are typically fainter for a population of low-Γ failed GRBs, this is due to the later deceleration time for the jet where t dec ∝ Γ −8/3 , and the lower characteristic synchrotron frequency, νm ∝ Γ 4 , meaning the optical peak flux is lower than the maximum synchrotron flux as ν obs > νm at the peak time. This is reflected in the orphan afterglow rate being ∼ 2−3× larger for LK16 model (iv) than for WP1516 model (ii), where Γ = 100 for all events.
For jets with structure, the orphan afterglows are typically brighter than the orphan afterglows for a population of homogeneous jets (Lamb & Kobayashi 2017) . Structured jets have higher latitude jet components with a low-Γ that can suppress a GRB for an observer at these inclinations, thus structured jets can produce a larger fraction of orphan afterglows where the inclination is less than the jet halfopening angle. These orphans are typically brighter than a homogeneous jet described by the γ-ray bright region of a structured jet. However, for the two-component jet LK17t model (v) it is clear from Figure 1 that the rate of transients is ∼ 80% that of the rate for a homogeneous jet population with θj = 6
• , WP156 model (iii). The two-component model will typically have a γ-ray bright core, θc = 6
• , and an extended 'sheath' that generally fails to produce detectable GRBs. For model (iii), θj is equivalent to the core size in the two-component model. Due to the two-component models extended structure, GRBs are observable at i > θc in jets where the core luminosity is very high or the merger is nearby. Therefore the fraction of GRBs from this model is larger than that for the 6
• homogeneous jet model and thus when the distributions are normalized the total number of mergers is smaller.
To consider the fraction of afterglows detected by blind sky surveys, the typical time period for which a transient is brighter than the limiting magnitude is determined. For the LSST(ZTF) limit of 24.5(20.4) the typical timescale is shown in Table 1 . The product of the all-sky rate (deg −2 yr −1 ), the per night survey field-of-view (deg 2 day −1 ), and the typical timescale for a transient (day) gives the expected rate of detectable transients for a survey. For LSST the chance of detecting an orphan afterglow from a merger jet is reasonable, 5 < ∼ ROA < ∼ 70 yr −1 , depending on the jet model. If we consider both orphan and GRB afterglows the rate increases, 16 < ∼ RAG < ∼ 76 yr −1 . For ZTF the rate of detected orphan afterglows from merger jets is low, 0.5 < ∼ ROA < ∼ 3.6 yr −1 . The combined orphan and GRB afterglow rate is more promising, 2 < ∼ RAG < ∼ 8 yr −1 . However, in each case, the afterglow transients are rarely brighter than the detection threshold for longer than the cadence.
The differentiation between merger-jet origin orphan afterglows and collapsar or long GRB jet orphans will be difficult. Ghirlanda et al. (2015) predicts a rate of ROA ∼ 50 yr −1 for the LSST from long-GRB jets. For faint transients, the peak flux may not be brighter than the host galaxy, magnitude ∼ 24 − 27 (Berger 2014 ). In such a case the detection of a transient will depend on the survey angular resolution and the image subtraction technique. However, short GRBs can be hostless or have typically large offsets from the bright core or star forming regions, but in such cases the ambient density is low and the peak flux will be fainter. Long GRBs are typically associated with star-forming galaxies and regions (e.g. Bloom et al. 1998; Djorgovski et al. 1998; Fruchter et al. 2006) , making faint orphan transients from long GRB jets more difficult to detect. Short GRB host galaxies systematically have an older stellar population, have a lower star-formation rate, and a higher metallicity than the host galaxies for long GRBs (Berger 2014) . Note however that short GRB host galaxies can be both early-and late-type galaxies. Additionally, simulations performed by O'Shaughnessy et al. (2017) suggest that short GRB merger progenitor systems are overproduced by dwarf galaxies; these galaxies are typically faint with surface brightness −14 < ∼ MB < ∼ − 10 ( Sabatini et al. 2003) , approximately magnitude 28-32 at z = 0.5. Alternatively, by considering the natal kick velocities of NS-NS systems, the fraction of hostless short GRBs, and the dark matter potential well of galaxies, Behroozi et al. (2014) found that short GRBs are expected to be associated with galaxies that have a stellar mass (5±3)×10
10 M⊙. The differences in the host galaxy and location within the host galaxy may be used to distinguish between the progenitor of GRB-less transients.
The predicted low detection rates for merger jet transients can result in confusion not only between a collapsar jet and merger jet origin but also, and perhaps dominantly, from other astrophysical transients. Flares from active galactic nuclei (AGN), tidal disruption events (TDEs), and rapidly evolving faint supernovae (SNe) are amongst the confusion sources for fast and faint extragalactic transients. For these events, the location within the host galaxy can help distinguish the origin, where AGN and TDEs are expected to be located within the core of a galaxy. Spectroscopy, or colour evolution that can trace the underlying spectrum, are required to reliably distinguish between a non-thermal jet afterglow transient and a SNe or SN-like transients. However, a thermal transient that either precedes or follows the nonthermal jet transient will indicate a merger origin, see discussion below.
By considering the other associated transients for a NS/BH-NS merger i.e. resonant shattering flares or impact flares for NS mergers (Tsang et al. 2012; Kyutoku et al. 2014) or SNe for long GRBs, the origin of the orphan afterglow may be additionally constrained for nearby events. With the development of next generation gravitational wave detectors e.g. the Einstein Telescope (ET) (Punturo et al. 2010) , the volume within which a NS/BH-NS merger can be detected increases. Coincident survey transients (e.g. Scolnic et al. 2017) , within the ET detection horizon z ∼ 0.5, and GW merger signals will be key to characterising the growing number of objects in the transient sky. The rate of transients at z < 0.5, with mr ≤ 26, for our models is (0.2 < ∼ Rz<0.5 < ∼ 6.8) × 10 −3 deg −2 yr −1 , and a mean rate Rz<0.5 ∼ 3.0 × 10 −3 deg −2 yr −1 . For each model the rate is: (i) 4.5, (ii) 0.6, (iii) 0.2, (iv) 6.8, (v) 4.0, (vi) 2.4, and (vii) 5.1 where the units are ×10 −3 deg −2 yr −1 . These deep survey rates for a field-of-view 3300 deg 2 are: (i) 3.0(22.2), (ii) 0.5(20.4), (iii) 0.2(19.6), (iv) 12.6(114.6), (v) 3.3(24.2), (vi) 2.4(44.5), (vii) 2.4(23.7) yr −1 where the number in brackets is without the redshift condition.
The rate of orphan afterglows from long GRBs is higher than that for short GRBs due to the difference in the occurence rate of either transient. Long GRBs typically have jet half-opening angles θj ∼ 6
• (Ghirlanda et al. 2015) . The peak afterglow for a highly inclined system at i > θj decreases rapidly with increasing angle; for long GRB jets associated with SNe, the peak flux rapidly falls below the peak of the accompanying SN 4 where the absolute magnitude is typically M ∼ −19. If the majority of long GRB jets are from core-collapse SNe then the orphan afterglow will be hidden by the SN for systems inclined at i > Figure 2. The peak afterglow in the r-band with the system inclination. The blue line indictaes the peak observed r-band absolute magnitude at a given system inclination. The jet is a homogeneous jet with a half-opening angle of 16 • and an energy E iso = 5 × 10 48 erg for the dashed blue line E iso = 10 50 erg for the solid blue line, and E iso = 10 52 erg for the dotted blue line. The yellow stars indicate the peak time after the merger in days at those points. The red lines indicate the expected peak macro/kilo-nova r-band magnitude with inclination. The dotted red lines indicate the observed diversity of macro/kilo-nova peak fluxes.
axis (Kathirgamaraju et al. 2016 ), this will reduce the number of detectable orphan afterglows from long GRBs, where it is assumed that all long GRBs have narrow homogeneous jets. Using the condition that an orphan afterglow from a long GRB must be inclined i ≤ 20
• , the fraction of the total population could be lower than the predicted 50 yr −1 . Figure 2 shows how the absolute magnitude for an observer in the r-band changes with inclination for a homogeneous jet with θj = 16
• and a range of isotropic equivalent energies 5 × 10 48 ≤ Eiso ≤ 10 52 erg. The peak r-band macro/kilo-nova flux is shown as a red line, where the range is the observed diversity (Gompertz et al. 2017) which agrees with the predicted range for macro/kilonova peak magnitudes in Tanaka & Hotokezaka (2013) and Barnes & Kasen (2013) . For jets from mergers, the associated macro/kilo-nova emission, although isotropic, is generally considered to be fainter for increasing observation angles (e.g. Tanaka et al. 2014; Tanaka 2016; Wollaeger et al. 2017) . The macro/kilo-nova decline with inclination shown in Figure 2 assumes a linear trend from an 'on-axis' view to an edge-view, where the change in magnitude is that from Wollaeger et al. (2017) . The macro/kilo-nova associated with GW170817 is shown as a red triangle at an inclination of 28
• (see for example: Abbott et al. 2017; Coulter et al. 2017; Drout et al. 2017; Evans et al. 2017; Murguia-Berthier et al. 2017; Pian et al. 2017; Smartt et al. 2017; Tanvir et al. 2017, etc.) . Macro/kilo-nova will typically peak in the r-band < ∼ 5 days after the merger for an observer at any inclination. However, the jet afterglow peak flux time is much later for an off-axis observer (days to months) than for an on-axis observer (minutes to hours). Where an orphan afterglow peaks < ∼ 1 day or > ∼ 5 days, a survey telescope may have two opportunities to observe the merger, one from the afterglow and a second from the macro/kilo-nova; the afterglow transient will typically fade much slower than that from a macro/kilo-nova and will have a non-thermal spectrum. Thus, even if the transients have coincident peaks, the afterglow will fade more slowly than the macro/kilo-nova. Additionally, due to the broadband nature of the afterglow a radio transient should accompany the optical, possibly peaking at a later time depending on the inclination of the system.
The orphan afterglow population may be dominated by low-luminosity GRBs. Such low-luminosity GRBs form a distinct population (Wanderman & Piran 2010) where the rate is greater than that for long GRBs. The afterglow from low-luminosity GRBs is fainter than that for long GRBs (Barniol Duran et al. 2015) , but the lower Lorentz factor of the ejecta means that any off-axis emission will have a reduced beaming effect. Where an orphan afterglow is brighter than the accompanying SNe, then low-luminosity GRB orphan afterglows may dominate the blind survey population.
The jets that produce long GRBs may exhibit the same structure or dynamical diversity as proposed for merger jets, the number of detectable orphan afterglows from long GRB or collapsar jets will be higher than that predicted by assuming homogeneous structured jets. The increased rate of orphan transients from either collapsar jets or merger jets would indicate the presence of intrinsic jet structure or a dominant population of low-Γ jets. If long GRB jets follow the latter, i.e. a dominant low-Γ population (Hascoët et al. 2014) , the rate of orphan afterglows from collapsar jets would be higher by a similar fraction to that demonstrated here for merger jets with the LK16 model (iv). The lightcurve of an on-axis orphan afterglow will appear phenomenologically the same as a GRB afterglow, i.e. a powerlaw decay, ∝ t −1 with an observable break at late times. Whereas an off-axis orphan afterglow would decay with a steep, ∝ t <−2 , decline with no jet-break. We used a population of mergers that follow a lognormal time delay redshift distribution (Wanderman & Piran 2015) . If NS/BH-NS mergers follow a power-law time delay distribution that peaks z ∼ 1.5 − 2, then a higher fraction of the short GRB population would go undetected due to the large luminosity distance. The observation of a host for short GRB 111117A at z = 2.211 could challenge the lognormal time delay model, although this redshift is still within the lognormal limits, the probability is ∼ 2 orders of magnitude lower than for the peak at z = 0.9 (Selsing et al. 2017 ). De-tectable orphan afterglows from a power-law time delay redshift distribution will follow the rates predicted here where mr 23. A significant excess would exist at very faint magnitudes, mr > 26 − 28, where the population distribution peaks at a redshift z > ∼ 1.5. The peak of the redshift distribution can be traced by the faint transients. For a discussion of a short GRB population with such a distribution see Sun et al. (2015) and Ghirlanda et al. (2016) .
CONCLUSIONS
We have shown that the rate of orphan afterglows from merger (non-collapsar) short GRBs detectable by the LSST is 5 < ∼ ROA < ∼ 70 yr −1 , where the rate is ∼ 7.3 yr −1 for a population of homogeneous jets with θj = 16
• . Where GRB afterglows are included, the rates become 16 < ∼ RAG < ∼ 76 and ∼ 19 yr −1 for homogeneous jets with θj = 16
• . The ZTF detection rate for orphan afterglows from short GRBs is low 0.5 < ∼ ROA < ∼ 3.6, the rate for afterglows with or without a Swift/BAT detectable GRB is 2 < ∼ RAG < ∼ 8 yr −1 , and ∼ 4.2 yr −1 for a population of homogeneous jets with θj = 16
• . For populations of jets narrower than θj = 16
• , the rate of orphan afterglows increases. For LSST the orphan afterglow rate from a population of narrow short GRB jets is ∼ 13.4 yr −1 . This increase is due to the increased rate in the parent merger population due to the normalization required to produce the detectable all-sky Swift/BAT noncollapsar GRB rate.
If the population of jets that produce short GRBs is dominated by jets with a low-Γ, then the rate of orphan afterglows will increase significantly, ∼ 70 yr −1 for LSST and ∼ 3.6 yr −1 for ZTF. Where these jets result in failedGRBs and are viewed within the jet half-opening angle, the lightcurve will appear phenomelogically the same as an onaxis GRB afterglow lightcurve.
If jets exhibit intrinsic structure, where the jet energetics extend beyond a homogeneous core to a defined edge, then the rate of orphan afterglows is greater than that for a homogeneous population; with the exception of the twocomponent jet structure when compared to the narrowest homogeneous jet population.
If LSST modifies the observation strategy from a fast survey to a deep-drilling field, then the obtainable sensitivity will increase. By focusing on a single field the potential to detect the same transient with multiple observations increases and with this the ability to identify orphan afterglows. As shown in Figure 1 and Table 1 , the rate of detectable merger-jet transients increases significantly from a limiting magnitude of 24.5 to 26 for a population of narrow jets, a jet population dominated by low-Lorentz factors, or jets with intrinsic structure.
The structured or dynamical models tested here could equally be applied to collapsar or long GRB jets. The observed rate of orphan afterglows from such jets would increase by a similar fraction for each case. Careful filtering of transients is required to successfully identify an orphan afterglow from either short or long GRB jets. Orphan afterglows fade rapidly and will rarely be above the detection threshold > 1 day, single point candidate identification and fast targeted follow-up will be required.
